Did the introduction of a minimally invasive technique change the incidence of atrial fibrillation after single internal thoracic artery–left anterior descending artery grafting?  by Mueller, Xavier M. et al.
Although AF after CABG has been extensively stud-
ied, its pathophysiologic mechanism remains unclear.
Among others, it has been related to factors directly
linked with the operative procedure: cardiopulmonary
bypass (CPB), atrial cannulation technique, myocardial
ischemia, and myocardial preservation technique.4-6
Minimally invasive CABG obviates the need for CPB
and cardioplegic arrest. Therefore, it provides a unique
opportunity to analyze the effect of these factors on the
occurrence of postoperative AF. Notably, the advocates
of this technique have postulated that one potential ben-
efit of this approach would be a reduction in postopera-
tive atrial arrhythmias. To minimize the influence of
factors related to the extent of coronary artery disease,
especially the involvement of the right coronary artery,7
and factors linked with the extent of the revasculariza-
P ostoperative atrial fibrillation (AF) after coronaryartery bypass grafting (CABG) is common, with a
reported prevalence of 20% to 40%.1-4 Although this
arrhythmia is usually benign, it may result in hemody-
namic compromise, subjective discomfort and anxiety,
thromboemboli, lengthened hospital stay, need for
posthospital medication, and increased total cost of
medical care. Moreover, treatment of AF may be asso-
ciated with potentially harmful side effects.
Objective: Atrial fibrillation after coronary artery bypass operations remains
frequent and increases morbidity, as well as resource use. Its cause remains
unclear. The introduction of a minimally invasive technique provides an
opportunity to evaluate the effect of intraoperative factors, such as car-
diopulmonary bypass, global myocardial ischemia, and myocardial protec-
tion technique, on the occurrence of this arrhythmia.
Methods: All the patients undergoing isolated left internal thoracic
artery–left anterior descending artery grafting between January 1994 and
December 1999 were reviewed. Twenty possible risk factors for postopera-
tive atrial fibrillation, including the choice of operative technique—mini-
mally invasive technique was introduced in January 1997—were entered into
univariate and multivariable logistic regression analysis.
Results: Postoperative atrial fibrillation occurred in 36 (20%) of 183 patients.
On univariate analysis, age (P < .001) and a history of supraventricular
arrhythmia (P < .001) were found to be risk factors. In particular, 15 (22%)
of 69 patients operated on with the minimally invasive technique had post-
operative atrial fibrillation versus 21 (18%) of 114 in the standard group 
(P = .58). On multivariable analysis, including the operative technique, the
same variables (P = .001 and .01, respectively) were identified as indepen-
dent risk factors.
Conclusions: The introduction of a minimally invasive technique for coro-
nary artery bypass operations did not reduce the occurrence of postoperative
atrial fibrillation in this study population. This suggests that prophylactic
measures to reduce this arrhythmia should be focused on factors unrelated to
cardiopulmonary bypass or myocardial preservation technique. (J Thorac
Cardiovasc Surg 2001;121:683-8)
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tion procedure, we analyzed the effect of the introduc-
tion of minimally invasive techniques on the occur-
rence of postoperative AF in a patient population
undergoing isolated grafting of the left internal thoracic
artery (LITA) to the left anterior descending artery
(LAD). 
Patients and methods
Study patients. The study population consisted of all
patients undergoing isolated LITA grafting onto the LAD at
our institution over a 6-year period from January 1994
through December 1999. Minimally invasive technique was
introduced in January 1997. The choice of the surgical tech-
nique varied initially according to the surgeon’s preference,
but the minimally invasive technique eventually became the
routine procedure. Patients with chronic AF, those with right
coronary artery disease, and those undergoing a redo opera-
tion were excluded from the study. No patient had significant
valve disease necessitating surgical intervention. Information
regarding each patient’s medical history, operative procedure,
and postoperative course were prospectively recorded and
were entered into a database.
Surgical technique. Standard CABG operations were per-
formed, with the patient undergoing CPB with moderate
hemodilution and moderate hypothermia (28°C). Standard
cannulation was used with a double-stage venous cannula
inserted through the right auricular appendix into the inferior
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Table I. Preoperative variables
SR group (n = 147) AF group (n = 36) P value
Age (y) 58.7 ± 8.4 65.7 ± 7 <.001
Male sex 79% (116) 83% (30) .55
Diabetes 14% (21) 14% (5) .95
Hypertension 47% (69) 50% (18) .74
Creatinine ≥120 µmol/L 6.1% (9) 5.6% (2) .89
COPD 8.8% (13) 8.3% (3) .92
History of smoking 53% (78) 56% (20) .78
History of supraventricular arrhythmias 2.7% (4) 17% (6) <.001
Post-MI 31% (45) 33% (12) .75
Ejection fraction 53.7% ± 3.8% 54.1% ± 2.8% .51
Preoperative calcium antagonist 42% (62) 47% (17) .58
Preoperative β-blockers 61% (90) 69% (25) .36
Preoperative digitalis 1.4% (2) 5.6% (2) .12
Unstable angina 8.1% (12) 17% (6) .13
Values in parentheses are actual numbers of patients. SR, Sinus rhythm; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction.
Table II. Intraoperative and postoperative variables
SR group (n = 147) AF group (n = 36) P value
Minimally invasive technique 37% (54) 42% (15) .58
Lowest systemic temperature (°C) 34.47 ± 1.33 34.2 ± 1.35 .3
Return to OR 4.1% (6) 2.7% (1) .6
Myocardial infarction 1.4% (2) 2.7% (1) .54
Inotropic support 2% (3) 2.7% (1) .55
Ventilation >24 h 5.4% (8) 5.5% (2) .98
Values in parentheses are actual numbers of patients. SR, Sinus rhythm; OR, operating room.
Table III. Multivariable predictors of AF
P value Odds ratio 95% CI
Age .001 1.08 1.03-1.13
History of supraventricular arrhythmia .01 4.63 1.37-15.62
Operative technique .81 0.9 0.41-2
The corresponding equation was as follows: Logit P = –6.256 + 0.0762 (age) + 1.533 (history of supraventricular arrhythmia) – 0.0996 (operative technique).
vena cava. Cold crystalloid cardioplegia and topical pericar-
dial cooling were used for myocardial protection. The medi-
an sternotomy was closed, leaving in place 2 mediastinal
tubes and a left pleural drain.
The minimally invasive direct procedure consisted of graft-
ing the LITA to the LAD either directly (55 patients) or by
interposing a segment of epigastric artery (14 patients), as
described by Cohn and colleagues.8 The chest was opened
through an incision in the fourth or fifth intercostal space.
The patient was heparinized (100 IU/kg) after the conduit
harvesting. The pericardium was incised transversely, and
traction sutures were applied to its edge. A snare of 4-0
Prolene suture (Ethicon GmbH and Co KG, Norderstedt,
Germany) was applied proximally and distally to the site
elected for the anastomosis. Short-acting calcium channel
blockers were used to reduce heart rate when necessary.
Anastomosis of the LITA to the LAD was accomplished with
the help of a stabilizer. At completion of the procedure, a left
pleural drain was left in place.
Clinical evaluation. All patients had continuous cardiac
rhythm monitoring for 72 hours. During this period, AF iden-
tified on the monitor was confirmed by a recording of a
rhythm strip or a 12-lead electrocardiogram. After cessation
of continuous monitoring, arrhythmias were identified by
means of twice daily pulse palpation or clinical signs and
symptoms and confirmed by means of a 12-lead electrocar-
diogram. In all patients a routine electrocardiogram was per-
formed on the seventh postoperative day.
The relation of AF to 20 perioperative variables was evalu-
ated. Preoperative variables included age, sex, presence of
diabetes, hypertension, creatinine level of 120 µmol/L or
greater, smoking, and chronic obstructive pulmonary disease;
a medical history of supraventricular arrhythmia and myocar-
dial infarction; unstable angina; and ejection fraction.
Preoperative use of digitalis, calcium channel blocking
agents, and β-blocking agents at the time of admission was
also evaluated. Potential intraoperative predictors of postop-
erative AF included the choice of the operative technique
(standard vs minimally invasive) and the lowest systemic
temperature achieved. The following postoperative factors
were analyzed: reoperation for hemorrhage; myocardial
infarction; the need for inotrope support; and ventilation of
more than 24 hours.
Because patients were not randomized with regard to the
surgical technique, preoperative characteristics of patients
operated on with standard and minimally invasive techniques
were compared.
Statistics. All data were entered into a spreadsheet soft-
ware program (Microsoft Excel 4) and analyzed with
Sigmastat (SPSS, Inc, Chicago, Ill). Univariate analysis of
the influence of categoric variables on postoperative occur-
rence of AF was performed with a χ2 test. Continuous data
were analyzed with logistic regression. Independent predic-
tors of AF were determined by a multivariable logistic regres-
sion analysis that included the variables identified as signifi-
cant on univariate analysis, as well as the operative technique
(minimally invasive vs standard). Because patients were not
randomly assigned to undergo either the standard or mini-
mally invasive techniques, preoperative variables of both
groups underwent univariate analysis.
Results
Postoperative AF occurred in 36 (20%) of 183
patients a mean of 2.4 days after the CABG operations
(range, 1-5 days). Table I shows the preoperative base-
line characteristics for each group with the appropriate
univariate P values. Patients with AF were significant-
ly older and presented more frequently with a history
of supraventricular arrhythmia. The intraoperative and
postoperative variables are summarized in Table II, and
none of these variables resulted in a significant differ-
ence between the 2 groups.
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Table IV. Preoperative variables: Minimally invasive versus standard technique
Standard technique (n = 114) Minimally invasive technique (n = 69) P value
Age (y) 59.3 ± 8.3 61.5 ± 8.6 .14
Male sex 78% (89) 83% (57) .54
Diabetes 15% (17) 13% (9) .72
Hypertension 47% (54) 48% (33) .95
Creatinine ≥120 µmol/L 6.1% (7) 5.8% (4) .99
COPD 9.6% (11) 7.2 (5) .54
History of smoking 53% (60) 55% (38) .1
History of supraventricular arrhythmias 6.1% (7) 4.3% (3) .74
Post-MI 27% (31) 38% (26) .14
Ejection fraction 54.1% ± 2.8% 53.3% ± 4.5% .11
Preoperative calcium antagonist 46% (52) 39% (27) .27
Preoperative β-blockers 59% (67) 70% (48) .14
Preoperative digitalis 2.6% (3) 1.4% (1) .99
Unstable angina 9.6% (11) 10% (7) .93
Values in parentheses are actual numbers of patients. COPD, Chronic obstructive pulmonary disease; MI, myocardial infarction.
Multivariable logistic regression analysis, including
the significant variables of the univariate analysis, as
well as the operative technique, identified age and a
history of supraventricular arrhythmia as the indepen-
dent correlates for AF. The odds ratio and P value for
each multivariable predictor are shown in Table III. 
Importantly, none of the preoperative variables dif-
fered significantly when the standard and minimally
invasive groups were compared by means of univariate
analysis (Table IV). In the minimally invasive group,
15 (22%) of 69 patients had postoperative AF versus 21
(18%) of 114 in the standard group (P = .58).
Discussion
Despite extensive evaluation, postoperative AF
remains a common event after CABG. Because of its
potential for hemodynamic compromise and throm-
boembolic complications, as well as its effect on
resource use, this problem remains a concern for the
postoperative course of an ever-aging patient popula-
tion at increased risk for this arrhythmia. The results of
this prospective study analyzing patients undergoing
isolated LITA-LAD grafting show that the introduction
of a minimally invasive technique did not alter the
occurrence of this arrhythmia. However, in keeping
with the results of the literature, age and a history of
supraventricular arrrhythmia were identified as inde-
pendent risk factors. Age has consistently been demon-
strated to be the most important risk factor for postop-
erative AF.1-4 This association has been explained by
the age-related structural changes in the atrium, such as
dilatation, muscle atrophy, decreased conduction tis-
sue, and fibrosis.9,10 A history of supraventricular
arrhythmias is too commonly referred to as a risk fac-
tor,4,11,12 suggesting a predisposing anatomic ground,
electrophysiologic ground, or both.
CPB and myocardial preservation do not appear to
have any effect on the prevalence of postoperative AF
in this patient population. To the best of our knowl-
edge, there are no clear objective data in the literature
supporting the commonly mentioned assumption that
CPB (with its systemic inflammatory response),
myocardial ischemia, and method of myocardial
preservation are proarrhythmic factors in adults under-
going coronary operations. The results of experiments
testing the hypothesis that improved right atrial cool-
ing may reduce the occurrence of supraventricular
arrhythmias are conflicting.6,13 In a series of patients
operated on with cold cardioplegia or intermittent
ischemic arrest, the occurrence of postoperative AF
was similar, irrespective of the technique of myocar-
dial preservation.14 Bicaval cannulation technique has
been reported to have a significant effect in one multi-
center prospective study involving 2048 patients
undergoing CABG without concurrent valvular opera-
tions.4 However, the proportion of patients with bicav-
al venous cannulation was small (214/2048 [10.4%]),
and the detection of AF relied on only 2 electrocardio-
grams obtained during the first 10 postoperative days.
Considering the similar prevalence of postoperative
AF in patients with standard CPB and in those operat-
ed on with a minimally invasive technique, mecha-
nisms common to both types of surgical techniques
and specific to cardiac operations should be looked
for. The opening of the pericardium with local inflam-
matory response appears to be a potential explanation.
One study found a lower occurrence of AF after trans-
myocardial laser revascularization in comparison with
standard and minimally invasive revascularization.15
The authors argued that most of the patients undergo-
ing the laser procedure had undergone previous surgi-
cal revascularization and that the adherence would
have protected the atria from being exposed directly
during the laser procedure performed through a limit-
ed left anterior thoracotomy. Moreover, a relationship
between significant pericardial effusion and AF has
been reported in patients undergoing valve replace-
ment.16 In lung resection operations a higher preva-
lence of supraventricular arrhythmias has been found
after pneumonectomy in comparison with lobectomy
or wedge resection, and the occurrence of 23% to
24%17,18 is similar to that of the present series. Krowka
and colleagues,19 in a study focusing on supraventric-
ular tachyarrhythmias after pneumonectomy, found a
higher prevalence in patients undergoing intrapericar-
dial dissection. All these findings further argue for the
potential importance of local inflammation. Myo-
cardial ischemia-reperfusion linked with the construc-
tion of the coronary anastomosis is another mecha-
nism common to standard and minimally invasive
revascularization. However, although cytokine levels
have been shown to be correlated with the duration of
global myocardial ischemia after CPB,20,21 they are
significantly lowered with a minimally invasive tech-
nique.22 Furthermore, transient ischemias occurring in
other clinical conditions, such as unstable angina pec-
toris or successful thrombolysis of acute myocardial
infarction, have not been associated with an increased
prevalence of AF. These findings would rather argue
against an influence of transient ischemia in our
patient population, keeping in mind that in the mini-
mally invasive technique a limited ventricular area of
the LAD territory is involved, which would preserve
the atria from the ischemic process.
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Three other works have analyzed AF after minimally
invasive CABG. Cohn and colleagues23 compared the
prevalence of AF after standard cardiac operations and
minimally invasive cardiac operations through an ante-
rior thoracotomy in 110 patients matched by age and
date of operation, with an occurrence of 20% and 24%,
respectively (P = .6). Both groups differed, however, by
the extent of revascularization, with a mean number of
distal anastomoses of 3.6 ± 1.1 and 1.1 ± 0.48, respec-
tively. Saatvedt and colleagues15 found no differences
between 2 groups of 19 patients operated on with stan-
dard or off-pump techniques through a median ster-
notomy, with an occurrence of 36% and 37%, respec-
tively. This study involved reoperations, and the mean
number of distal anastomoses was 3.6 and 1.9, respec-
tively. Siebert and colleagues24 analyzed 87 patients,
48 of whom were operated on without CPB, 24 of
whom were operated on using off-pump CABG
through a sternotomy, and 24 of whom were operated
on using the minimally invasive technique through an
anterior thoracotomy. In 39 patients a standard opera-
tion with CPB was performed. AF occurred in 25%,
29%, and 18%, respectively. The difference had no sta-
tistical significance. All the patients were treated with
β-blockers before intervention, and the treatment was
continued immediately after the operation. The number
of distal anastomoses was not mentioned. Overall,
although differently designed, these studies are in
keeping with our findings.
Importantly, this study prospectively addresses a spe-
cific patient group among the CABG population.
Patients with multiple CABGs present a more exten-
sive disease, often with involvement of the right coro-
nary artery, which has been shown to be a significant
determinant of postoperative AF.7 This difference could
explain our prevalence of AF, which is in the lower
range of that reported in the literature.1-4 Taking into
account this specific design, our study shows that even
with limited coronary artery disease, AF is still signifi-
cantly more frequent than after noncardiac operations
and that in this group of patients CPB and myocardial
preservation techniques are unlikely to be determinant.
One limitation of this analysis lies in the absence of
randomization to either the standard or minimally inva-
sive technique. On the one hand, the minimally inva-
sive technique was introduced in the course of the
study period, and on the other hand, its choice was sub-
ject to the surgeon’s preference, although it became the
routine procedure with time. However, univariate
analysis of preoperative characteristics did not show
any significant differences between both groups, there-
fore minimizing this limitation. Another limitation is
the small population investigated, which makes
unequivocal conclusion impossible. If one were setting
up a prospective study to identify at least a 25% reduc-
tion in AF from 20% to 15% between the standard and
minimally invasive techniques, then nearly 2000
patients would be needed to have an 80% chance of
detecting such a difference at a significance level of
.05. The organization and the completion of such a
study would require multi-institutional involvement
and a considerable investment. The alternative is a
meta-analysis of several limited series, the statistical
power of which is also questionable. Therefore, when
considering that all the other series comparing the
occurrence of AF between both techniques uniformly
report the absence of significant differences, we have to
accept that the minimally invasive technique is respon-
sible for an increased incidence of AF per se.
With these limitations in mind, this study could not
demonstrate any reduction of the incidence of postoper-
ative AF with the introduction of a minimally invasive
technique for CABG operations, suggesting that efforts
should be focused on factors other than CPB and cardio-
plegic arrest to reduce this frequent arrhythmia.
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